Of the non-covalent binding forces in DNA-drug or DNA-protein interaction, electrostatic interaction, stacking interaction, hydrogen bonds and hydrophobic effect have been well established. However, only a few HOMO-LUMO interaction in DNA have been reported. We examined the ab initio calculations of B-DNA duplex 5-mers. Based on the calculated results, we investigated the mapping of HOMO experimentally and found that DNA cleavage patterns with Co(II) and BPO (Benzoyl peroxide) were in good agreement with the ab initio calculation results.
INTRODUCTION
In organic chemistry, there are numerous reactions (e.g. Diels-Alder reaction) which are controlled by HOMO (Highest Occupied Molecular Orbital) and LUMO (Lowest Unoccupied Molecular Orbital) interaction.
Of the non-covalent binding forces in DNA-drug or DNA-protein interaction, electrostatic interaction, stacking interaction, hydrogen bonds and hydrophobic effect have been well known. However, only a few HOMO-LUMO interaction in DNA have been reported, because calculation of HOMO of large molecules like DNA duplex is extremely difficult and experimental mapping of HOMO of DNA or RNA is totally unknown. In a previous paper, we demonstrated a precise mapping of G-rich hot spots such as 5'-TXGYT-3' experimentally and by ab initio MO calculations. 1 In this paper, we examined the ab initio calculations of a variety of B-DNA duplex 5-mers using supercomputer. Based on the calculated results, we investigated the mapping of the HOMO experimentally.
RESULTS AND DISCUSSION
At first, we examined the ab initio calculations of base paired G-and GG-containing 5-mers at the HF/6-31G* level using GAUSSIAN94. Double strands of B-form DNA with various sequences were built up using the Insight II program with standard B-form parameters. For quantum mechanical calculations, all of the sugar backbones of the 5-mers were replaced by methyl groups, keeping the positions of all of the atoms fixed, as previously described. 2 The results were shown in Table 1 and some of the HOMOs were shown in Figure 1 . The HOMO of GG stack was concentrated on the 5'-G and the HOMO of GGG stack was on the5'-G and the middle G. We also found HOMO localization was highly sequence dependent. In single G sequences, 5'-CCG-3' sequence (particularly 5'-CCGA-3') has a relatively large HOMO. Table 2 summarizes the results as a general rule for the location of G HOMO in B-form DNA. Is it possible to probe calculated HOMO experimentally? The fact that soft transition metal ions such as Co (IT), Cu (Jf) and Mn (II) selectively bind at guanine N7 in duplex ODN 3 ' 4 attracted our attention. Moreover, it has been observed that 5'-G selective cleavage occurred in the presence of Cu (I) and BPO (benzoyl peroxide). 5 Based on these results, we tried to map DNA HOMO experimentally by DNA cleavage 
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experiments using Co (II) and BPO. We obtained the DNA cleavage data from the incubation at 37°C for 5 min with Co (H) (15 /iM) and BPO (50 pM) and subsequent piperidine treatment (90 °C, 20 min). The DNA cleavage occurred selectively at the 5'-G of GG and at the 5'-G and the central G of GGG (Table 3) . These results were in good agreement with the above calculation results. The mechanism of DNA cleavage with Co (II) and BPO is now under investigation.
In conclusion, we examined the ab initio calculations of HOMO of B-form DNA and executed experimental mapping with Co (II) and BPO. The HOMO of nucleic acids may be very important in charge-transfer interactions, metal-binding, DNA-drug interaction and DNA-protein interaction. So, the DNA HOMO mapping demonstrated in our laboratory for the first time may become a new landmark for investigating nucleic acids properties. The cleavage of the 5-G of GG or GOG steps was used as a standard (10.0) for normalization of the cleavage intensities.
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